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WHAT IS CLAIMED IS: 

1 . An oscillator, comprising:\ 

a first resonator having a first tuning input to tune the first resonator as a function of 

\ 

a first current applied to the first tuning input; and 

a second resonator coupled to the first resonator, the second resonator having a 
second tuning input to tune the second resonator as a function of a second current applied to the 
second tuning input. 

2. The oscillator of claim 1 wherein the first resonator comprises a first output and the 
second resonator comprises a second output. 

3 . The oscillator of claim 2 wherein the first and second outputs comprises a quadrature 

output. 

4. The oscillator of claim 2 wherein the output of the first resonator is fed back to the 
second tuning input for the second resonator, and the output of the second resonator is fed back to the 
first tuning input for the first resonator. 

5. The oscillator of claim 4 further comprising a first transconductance cell positioned 
between the output of the first resonator and the second tuning input, and a second transconductance 
cell positioned between the output of the second resonator and the first tuning input. 



6. The oscillator of claim 5 wherein the first transconductance cell has a digitally 
programmable variable gain. \^ 

7. The oscillator of claim 6 wherein the seconci transconductance cell has a digitally 
programmable variable gain. \ 

8. The oscillator of claim 5 wherein the output of the first resonator is fed back to the first 
tuning input, and the output of the second resonator is fed backlto the second tuning input. 
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9. The oscillator of claim 8 lirther comprising a third transconductance cell positioned 
between the output of the first resonator arid the first tuning input, and a fourth transconductance cell 
positioned between the output of the second resonator and the second tuning input. 



10. The oscillator of claim 9 wherein one of the first, second, third and fourth 
transconductance cells has a gain control input responsive to a digital word to program a gain thereof. 

1 1 . The oscillator of claim 9 wherein the first transconductance cell comprises a first gain 
1 0 control input responsive to a first digital word to program a gain thereof, the second transconductance 

cell comprises a second gain control input responsive to a second digital word to program a gain 
thereof, the third transconductance cell comprises a third gain control input responsive to a third 
digital word to program a gain thereof, and the fourth transconductance cell comprises a fourth gain 
control input responsive to a fourth digital word to program a gain thereof. 
15 v 

12. The oscillator of claim 1 1 wherein the first transconductance cell comprises a first 
current source having the first gain control input, the second transconductance cell comprises a second 
current source having the second gain control input, the third transconductance cell comprises a third 
current source having the third gain control input,' and the fourth transconductance cell comprises a 

20 fourth current source having the fourth gain control input. 

13. The oscillator of claim 1 1 wherein the coupled first and second resonators have a 
tuning range over a tuning frequency, the tuning frequency being divided into a plurality of frequency 
bands, one of the frequency bands being selected in response to the third and fourth digital words 

25 respectively applied to the third and fourth gain control inputs. 

14. The oscillator of claim 13 wherein the coupled first and second resonators have an 
operating frequency, the operating frequency being tunable over the selected frequency band in 
response to the first and second digital words respectively applied to the first and second gain control 

30 inputs. \ 

\ 

15. An oscillator, comprising: | 
a first resonator having a first tuning input;! 

a second resonator coupled to the first resonator, the second resonator having a second 
35 tuning input; ] 
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\ 

first control means for controlling a first current applied to the first resonator to tune 
the first resonator; and ^ 

second control means for contrplling a second current applied to the second resonator 
5 to tune the second resonator. 

1 6. The oscillator of claim 1 5 wherein the first resonator comprises a first output and the 
second resonator comprises a second output. \ 

\ 

10 17. The oscillator of claim 1 6 wherein the first and second outputs comprises a quadrature 

output. \ 



) V / osc iU ator °f claim 1 6 wherein the first control means feeds back the output of the 

second resonator to the first tuning input, and the second control means feeds back the output of the 
15 first resonator to the second tuning input. \ 

19. The oscillator of claim 18 wherein the first control means comprises a first 
transconductance cell to feed back the output of the second resonator to the first tuning input, and the 
second control means comprises a second transconductarice to feed back the output of the first 
20 resonator to the second tuning input. ^ 



20. The oscillator of claim 19 wherein the first transconductance cell comprises first 
programming means for digitally programming gain. \ 

A 

w 
\ 

25 21. The oscillator of claim 20 wherein the second transconductance cell comprises second 

programming means for digitally programming gain. 

22 . The oscillator of claim 1 9 wherein the first control means further feeds back the output 
of the first resonator to the first tuning input, and the second control means feeds back the output of 

30 the second resonator to the second tuning input. 

23. The oscillator of claim 22 wherein the first control means further comprises a third 
transconductance cell to feed back the output of the first resonator to the first tuning input, and the 
second control means comprises a fourth transconductance cell to feed bacjc the output of the second 

3 5 resonator to the second tuning input. 

-82- 




39390/CAG/B600 

1 



24. The oscillator of claim 23 wherein one of the first, second, third and fourth 
transconductance cells means for programming a gain thereof in response to a digital word. 

25. The oscillator of claim 23 wherem the first transconductance cell comprises a first 
programming means for programming a gain thereof in response to a first digital word, the second 
transconductance cell comprises a second programming means for programming the gain thereof in 
response to a second digital word, the third transconductance cell comprises a third programming 

10 means for programming a gain thereof in response to a third digital word, and the fourth 
transconductance cell comprises a fourth programming means for programming the gain thereof in 



response to a fourth digital word. 

26. The oscillator of claim 25 wherein the\first programming means comprises a first 
15 current source, the second programming means comprises a second current source, the third 

programming means comprises a third current source, ank the fourth programming means comprises 
a fourth current. 

27. The oscillator of claim 25 wherein the coupled first and second resonators have a 
20 tuning range over a tuning frequency, the tuning frequency t)eing divided into a plurality of frequency 

bands, one of the frequency bands being selected in response to the third and fourth digital words 
respectively applied to the third and fourth programming mdans. 

28. The oscillator of claim 27wherein the coupled first and second resonators have an 
25 operating frequency, the operating frequency being tunable over the selected frequency band in 

response to the first and second digital words respectively applied to the first and second 
programming means. 

29. An oscillator, comprising: 
30 a first resonator having a first tuning input and a first output; 

a second resonator having a second tuning input aid a second output; 
a first transconductance cell coupled between the 



input; 
35 input; 



irst output and the second tuning 
a second transconductance cell coupled between the^econd output and the first tuning 
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a third transconductance cell coupled between the first output and the first tuning 



a fourth transconductance cell coupled between the second output and the second 



input; and 
5 tuning input. 

30. The oscillator of claim 29 wherein the first and second outputs comprises a quadrature 

output. 

10 31. The oscillator of claim 29 wherein the first transconductance cell comprises a first gain 

control input responsive to a first digital word to program a gain thereof, the second transconductance 
cell comprises a second gain control input responsive to a second digital word to program a gain 
thereof, the third transconductance cell comprises a third gain control input responsive to a third 
digital word to program a gain thereof, and the foui^h transconductance cell comprises a fourth gain 
1 5 control input responsive to a fourth digital word to program a gain thereof. 

32. The oscillator of claim 31 wherein the first transconductance cell comprises a first 
current source having the first gain control input, the second transconductance cell comprises a second 
current source having the second gain control input, the third transconductance cell comprises a third 

20 current source having the third gain control input, and the fourth transconductance cell comprises a 
fourth current source having the fourth gain control input^ 

33 . The oscillator of claim 3 1 wherein the first and second resonators each have a tuning 
range over a tuning frequency, the tuning frequency being divided into a plurality of frequency bands, 

2 5 one of the frequency bands being selected in response to the third and fourth digital words respectively 
applied to the third and fourth gain control inputs. 

34. The oscillator of claim 13 wherein the first ancl second resonators each have an 
operating frequency, the operating frequency being tunable ov^r the selected frequency band in 

30 response to the first and second digital words respectively applied to the first and second gain control 
inputs. 

35. A transceiver, comprising: 
a current controlled oscillator including a first resonator having a first tuning input 

35 to tune the first resonator as a function of a first current applied to the first tuning input, and a second 



-84- 



39390/CAG/B600 

resonator coupled to the first resonator, the second resonator having a second tuning input to tune the 
second resonator as a function of a second current applied to the second tuning input; and 

a controller having a first control to control the first current to the first tuning input, 
and a second control to control the second current to the second tuning input. 

\ 

A^ 

36. The transceiver of claim 35 wherein the first resonator comprises a first resonator 
output and the second resonator comprises a second;resonator output. 

\ 

10 37. The transceiver of claim 36 wherein the first and second resonator outputs comprises 



a ^uauiaiuiv/ vjuijjul 

\ 

\ 

38. The transceiver of claim 36 wherein the first resonator output is fed back to the second 
tuning input for the second resonator, and the second resonator output is fed back to the first tuning 

15 input for the first resonator. ^ 

39. The transceiver of claim 38 wherein the current controlled oscillator comprises a first 
transconductance cell positioned between the first resonator output and the second tuning input, and 
a second transconductance cell positioned between the second resonator output and the first tuning 

20 input. ^ 

. \ 

40. The transceiver of claim 39 wherein the first transconductance cell has a digitally 
programmable variable gain. \ 

\ 

25 41 . The transceiver of claim 40 wherein the second transconductance cell has a digitally 

programmable variable gain. 

\ 
\ 
v 

42. The transceiver of claim 39 wherein the first resonator output is fed back to the first 
tuning input, and the second resonator output is fed back to the second tuning input. 

30 

43 . The transceiver of claim 42 wherein the current controlled oscillator comprises a third 
transconductance cell positioned between the first resonator output and the first tuning input, and a 
fourth transconductance cell positioned between the second resonator output and the second tuning 
input. 

35 
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44. The transceiver of claim 43| wherein the first control output comprises a first, second 
digital word and the second control output comprises a third and fourth digital word, the first 
transconductance cell comprises a first gaiji control input responsive to the third digital word to 
program a gain thereof, the second transconductance cell comprises a second gain control input 
responsive to the first digital word to program ^gain thereof, the third transconductance cell comprises 
a third gain control input responsive to the second digital word to program a gain thereof, and the 
fourth transconductance cell comprises a fourth gain control input responsive to the fourth digital word 
to program a gain thereof. 

45. The transceiver of claim 44 wherein the first transconductance cell comprises a first 

current source having the first gain control input, the second transconductance cell comprises a second 

\ 

current source having the second gam control input, the third transconductance cell comprises a third 

\ 

current source having the third gam control mput, and the fourth transconductance cell comprises a 
fourth current source having the fourth gain control input. 



\ 



46. The transceiver of claim 44 wherein the coupled first and second resonators have a 
tuning range over a tuning frequency, the tuning frequency being divided into a plurality of frequency 
bands, one of the frequency bands being selected in response to the third and fourth digital words 
respectively applied to the second and fourth gain control inputs. 



47. The transceiver of claim 46 wherein the coupled first and second resonators have an 

\ 

operating frequency, the operating frequency being tunable over the selected frequency band in 
response to the first and third digital words respectively applieq to the first and second gain control 
inputs. 

48. A method of tuning an oscillator, comprising: 
converting an output of a first resonator to a first current; 
converting an output of a second resonator to a second current; 
tuning a first resonator as a function of the second current; and 
tuning the second resonator as a function of the firstlcurrent. 

\ 

49. The method of claim 48 further comprising converting the output of the first resonator 
to a third current, and converting the output of the second resonator toll fourth current, the tuning of 
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the first resonator being a function of the first and third currents, and the tuning of the second resonator 
being a function of the second and fourth currents. 



5 0. The method of claim 49 further comprising digitally programming the conversion of 
the output of the first resonator to set the first current. 



5 1 . The method of claim 49 further comprising digitally programming the conversion of 
the output of the second resonator to set second current. 



\ 



w/^.. x n\s inuuiuu v/x v/iuun —ry iluuivi vvsi ixpx xoxixg ux£^iicuxjr pi v£^icu.ixiixxii£ ixiu uuiivuoiun ui 



the output of the third resonator to set the third current. 

hi. 

53 . The method of claim 49 further comprising digitally programming the conversion of 
15 the output of the fourth resonator to set the foiirth current. 

54. The method of claim 49 further comprising digitally programming the conversion of 

\ 

the output of the first resonator to set the first current, digitally programming the conversion of the 
output of the second resonator to set the second current, digitally programming the conversion of the 
20 output of the third resonator to set the third current, and digitallyVrogramming the conversion of the 
output of the fourth resonator to set the fourth current. 

5 5 . The method of claim 54 wherein the first and secon x d resonators have a tuning range 

\ 

over a tuning frequency, the tuning frequency being divided into a plurality of frequency bands, and 
25 the setting of the third and fourth currents comprises selecting one oftthe frequency bands. 

56. The method of claim 55 wherein the first and second resonators have an operating 
frequency, and the setting of the first and second currents comprises tjining the first and second 
resonators over the selected frequency bands. 

30 

57. A method of tuning an oscillator having a tuning range over a tuning frequency, the 
tuning frequency being divided into a plurality of frequency bands, the method comprising: 

generating a first digital word; 

selecting one of the frequency bands with the first digital wqr d; 
35 generating a second digital word; and 
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tuning the oscillator to] an operating frequency within the selected frequency bands 
with the second digital word. 

58. The method of claim 57 wherein the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second tuning input a second 
resonator output, and wherein the selectioA^f one of the frequency bands comprises feeding back the 
first resonator output to the first tuning input as a function of the first digital word, and feeding back 
the second resonator output to the second tuning input as a function of the first digital word. 

59. The method of claim 58 wheLin the generation of the first digital word comprises 
generating a first digital word associated with the feedback of the first resonator output to the first 
tuning input that is different from the first digital word associated with the feedback of the second 
resonator output to the second tuning input. 

60. The method of claim 58 wherein tlie generation of the first digital word comprises 
generating a first digital word associated with the feedback of the first resonator output to the first 
tuning input that is the same as the first digital word\associated with the feedback of the second 
resonator output to the second tuning input. 

6 1 . The method of claim 5 7 wherein the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second tuning input a second 
resonator output, and wherein the tuning of the oscillator comprises feeding back the first resonator 
output to the second tuning input as a function of the second digital word, and feeding back the second 

25 resonator output to the first tuning input as a function of the second digital word. 



62. The method of claim 6 1 wherein the generation of the second digital word comprises 
generating a second digital word associated with the feedback ^f the first resonator output to the 
second tuning input that is different from the second digital word associated with the feedback of the 

30 second resonator output to the first tuning input. 

63 . The method of claim 6 1 wherein the generation of the second digital word comprises 
generating a second digital word associated with the feed back of the\ first resonator output to the 
second tuning input that is the same as the second digital word associated with the feedback of the 

35 second resonator output to the first tuning input. 
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64. The method of claim 57 whei^n the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second tuning input a second 
resonator output, and wherein the selection of one of the frequency bands comprises feeding back the 
first resonator output to the first tuning input as a function of the first digital word, and feeding back 



the second resonator output to the second tuning input as a function of the first digital word, and 
wherein the tuning of the oscillator comprises feeciing back the first resonator output to the second 
tuning input as a function of the second digital word, and feeding back the second resonator output 
to the first tuning input as a function of the second digital word. 



65. The method of claim 64 wherein the generation of the first digital v, f r ord comprises 
generating a first digital word associated with the feedback of the first resonator output to the first 
tuning input that is different from the first digital word^associated with the feedback of the second 
resonator output to the second tuning input, and the generation of the second digital word comprises 
generating a second digital word associated with the feedback of the first resonator output to the 
second tuning input that is different from the second digital\word associated with the feedback of the 
second resonator output to the first tuning input. 

66. The method of claim 64 wherein the generation of the first digital word comprises 
generating a first digital word associated with the feedback of the first resonator output to the first 
tuning input that is the same as the first digital word associated with the feedback of the second 
resonator output to the second tuning input, and the generation of the second digital word comprises 
generating a second digital word associated with the feed back oVthe first resonator output to the 
second tuning input that is the same as the second digital word associated with the feedback of the 
second resonator output to the first tuning input. 

67. The method of claim 57 wherein the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second tuning input a second 
resonator output, and wherein the selection of one of the frequency bands comprises converting the 
first resonator output to a first current as a function of the first digital Word, feeding back the first 
current to the first tuning input, converting the second resonator output to a second current as a 
function of the first digital word, and feeding back the second current to me second tuning input. 

68. The method of claim 67 wherein the generation of the first digital word comprises 
generating a first digital word associated with the conversion of the first resonator output to the first 
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current that is different from the first aigital word associated with the conversion of the second 
resonator output to the second current. 

69. The method of claim 67 wherein the generation of the first digital word comprises 
generating a first digital word associated with the conversion of the first resonator output to the first 
current that is the same as the first digital word associated with the conversion of the second resonator 
output to the second current. 

70. The method of claim 57 wherein the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second toning input a second 
resonator output, and wherein the tuning of the^oscillator comprises converting the first resonator 
output to a first current as a function of the second digital word, feeding back the first current to the 
second tuning input, converting the second resonator output to a second current as a function of the 
second digital word, and feeding back the second Current to the first tuning input. 

7 1 . The method of claim 70 wherein the generation of the second digital word comprises 
generating a second digital word associated with the conversion of the first resonator output to the first 
current that is different from the second digital word associated with the conversion of the second 
resonator output to the second current. 

72. The method of claim 70 wherein the generation of the second digital word comprises 
generating a second digital word associated with the conversion of the first resonator output to the first 
second tuning input that is the same as the second digital ^ord associated with the feedback of the 
second resonator output to the first tuning input. 

73 . The method of claim 5 7 wherein the oscillator comprises first resonator having a first 
tuning input and a first resonator output, and a second resonator having a second tuning input a second 
resonator output, and wherein the selection of one of the frequency bands comprises converting the 
first resonator output to a first current as a function of the firstvdigital word, feeding back the first 
current to the first tuning input, converting the second resonator output to a second current as a 
function of the first digital word, and feeding back the second current to the second tuning input, and 
wherein the tuning of the oscillator comprises converting the first resonator output to a third current 
as a function of the second digital word, feeding back the third current to the second tuning input, 
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converting the second resonator output to a fourth current as a function of the second word, and 
feeding back the fourth current to the first tuning input. 



74. The method of claim 73 wherein the generation of the first digital word comprises 

generating a first digital word associated with the conversion of the first resonator output to the first 

\ 

tuning input that is different from the first digital word associated with the conversion of the second 
resonator output to the second tuning input, and the generation of the second digital word comprises 
generating a second digital word associated with the conversion of the first resonator output to the 
third current that is different from the second digital word associated with the conversion of the second 
resonator output to the fourth current. 



i 
\ 

75. The method of claim 73 wherein the generation of the first digital word comprises 
generating a first digital word associated with the conversion of the first resonator output to the first 
current that is the same as the first digital word associated with the conversion of the second resonator 
output to the second current, and the generation of the second digital word comprises generating a 
second digital word associated with the conversion of the first resonator output to the third current 
that is the same as the second digital word associated with the conyersion of the second resonator 
output to the fourth tuning input. 

76. An oscillator having a tuning range over a tuning frequency, the tuning frequency 
being divided into a plurality of frequency bands, the oscillator comprising: 

selection means for selecting one of the frequency bands as a function of a first digital 



word; and 

tuning means for tuning the oscillator to an operating frequency within the selected 
frequency bands as a function of a second digital word. 

77. The oscillator of claim 76 further comprising a first resonator having a first tuning 
input, a second resonator coupled to the first resonator, the second resonator having a second tuning 
input, the selection means and the tuning means being coupled to the first tuning input to tune the first 
resonator, and the selection means and tuning means being coupled to the secondVuning input to tune 
the second resonator. 



78. The oscillator of claim 77 wherein the first resonator comprises a fiijst output and the 
second resonator comprises a second output. 
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79. The oscillator of claim 78 wherein the first and second outputs comprises a quadrature 
output. \ 

80. The oscillator of claim 78 wherein the tuning means feeds back the output of the 
second resonator to the first tuning input, and feeds back the output of the first resonator to the second 
tuning input. \ 

81. The oscillator of claim 80 Wherein the tuning means comprises a first 
transconductance cell to feed back the output of the second resonator to the first tuning input, and a 
second transconductance to feed back the output ^f the first resonator to the second tuning input. 



82. The oscillator of claim 81 wherein the first transconductance cell comprises first 
programming means for digitally programming gain in response to the second digital word. 



83 . The oscillator of claim 82 wherein the second transconductance cell comprises second 
programming means for digitally programming gain in response to the second digital word. 

84. The oscillator of claim 83 wherein the first and second programming means each 
comprises a current source. \ 

85. The oscillator of claim 83 wherein the seconcftdigital word associated with the first 
programming means is different from the second digital Word associated with the second 
programming means. \ 

86. The oscillator of claim 83 wherein the second digital word associated with the first 
programming means is the same as the second digital word associated with the second programming 
means. \ 

87. The oscillator of claim 78 wherein the selection means feeds back the output of the 
first resonator to the first tuning input, and feeds back the output of the second resonator to the second 
tuning input. \ 
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88. The oscillator of claim 87 wherein the selection means a first transconductance cell 
to feed back the output of the first resonator to lie first tuning input, and a second transconductance 
cell to feed back the output of the second resonator to the second tuning input. 

89. The oscillator of claim 87 wherein the first transconductance cell comprises first 
programming means for digitally programming gain in response to the first digital word. 



90. The oscillator of claim 88 wherein thesecond transconductance cell comprises second 
$ 0 programming means for digitally programming gain in response to the first digital word. 



91. The oscillator of claim 90 wherein the^first and second programming means each 
comprises a current source. 

15 92. The oscillator of claim 90 wherein the first digital word associated with the first 

programming means is different from the first digital word associated with the second programming 
means. 



93. The oscillator of claim 90 wherein the first digital word associated with the first 
20 programming means is the same as the first digital word associated with the second programming 
means. 



25 
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